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INTEGRATED CIRCUIT FEATURE LAYOUT FOR IMPROVED CHEMICAL 

MECHANICAL POLISHING 

5 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 

10 

The present invention relates to the field of semiconductor processing and more 
specifically to a device feature layout and a method of generating the same for improved 
chemical mechanical polishing. 

15 2. DISCUSSION OF RELATED ART » 

As device dimensions continue to shrink modem integrated circuits now contain 
more and more levels of features. For example, modem high density circuits, which can 
contain literally tens of millions of transistors formed in a silicon monocrystalline substrate, 

20 require over six levels of metalization to electrically couple the transistors into functional 
circuits. Similarly, novel three-dimensional memory arrays such as described in co- 
pending US Patent Application Serial No. , filed , and entitled Three- 

Dimensional Memory Array and Method of Fabrication can utilize over nine levels of silicon 
rails or lines. As more and more levels of features are added to integrated circuits, the 

25 planarization of each level is essential to enable the imif orm processing of subsequent 

levels of features. In the past, dummy features (i.e., electrically isolated inactive features) 

have been locally inserted between active features of a level in order enhance the chemical 

mecharucal planarization of that level. Unfortunately, however, such techniques of 

"dummification" (i.e., adding dummy features locally between active features) do not take 

30 into consideration the size and density of the active features. Present dummification . 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 A is an illustration of an overhead view of a portion of an integrated circuit 
having a plurality of spaced-apart lines or features adjacent to an open area. 

5 

Figure IB is an illustration of an overhead view showing the formation of dummy 
features in the open area of Figure 1 A in accordance with an embodiment of the present 
invention. 

1 0 Figure IC is an illustration of an overhead view showing the formation of dummy 

features in the open area of Figure 1 A in accordance with an embodiment of the present 
invention. 

Figure 2A is an illustration of an overhead view showing the layout of active \ 
1 5 features having different densities over different areas of an integrated circuit. 

Figure 2B is an illustration of an overhead view showing the altering of the sizes of 
the active features shown in Figure 2A to improve the chemical mechanical planarization 
process for the layer. 

20 

Figure 3A is an illustration of an overhead view of a wafer having a plurality of 
discreet dies separated by scribe lines. 

Figure 3B is an illustration of an overhead view of a portion of the wafer of Figure 
25 3A showing the formation of dummy features in the scribe lines. 

Figure 4A is an illustration of a cross-sectional view showing the formation of active 
and dummy features on a substrate. 
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Figure 4B is an illustration of a cross-sectional view showing the formation of a 
dielectric over and between the active and dummy features of the substrates of Figure 4A. 

Figure 4C is an illustration of a cross-sectional view showing the chemical 
5 mechanical planarization of the dielectric on the substrate of Figure 4B. 

Figure 5A is an illustration of a cross-sectional view showing the formation of a 
patterned dielectric layer having active feature openings and dummy feature openings. 

1 0 Figure 5B is an illustration of a cross-sectional view showing the formation of a 

conductive film over and between the patterned dielectric layer of Figure 5A. 

Figure 5C is an illustration of a cross-sectional view showing the chemical 
mechanical planarization of the conductive film of the substrate of Figure 5B to create \ 
1 5 active and dummy features. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE PRESE^sIT INVENTION 

The present invention is a novel layout of a layer of an integrated circuit and a 
5 method of generating the layout. In the following description numerous specific details are 
set forth such as specific materials and device layouts. It will be apparent, however, to one 
skilled in the art that the present invention may be practiced without these specific details. 
In other instances, well-known circuits and fabrication techniques have not been set forth 
in detail in order not to uimecessarily obscure the present invention. 

1 0 According to the present invention, the sizes of active and/or dummy features of a 

integrated circuit layer or level are chosen and optimized to improve the local and mid- 
range planarity of a chemical mechanical polishing (CMP) process for the layer. By 
properly choosing the size and placement of active and dummy features of a layer, a 
structure can be created which enables the subsequent chemical mechanical polishing ofta 

1 5 film formed over and between the structure to have both local and mid-range planarity. 
The present invention can be used, for example, to improve the chemical mechanical 
polishing of a gap fill dielectric formed over and aroimd metal or other featxires and can be 
used to improve the chemical mechaiucal polishing of a metal or other conductive film 
formed over and between a patterned dielectric film, such as in a damascene process. The 

20 present invention can also be used to improve the chemical mechanical planarization 
process of a dielectric film used to fill a trench, such as in a shallow trench isolation (STI) 
structure. A goal of the present invention is to provide a structure which has a similar 
density of open areas and covered areas so that the chemical mecharucal polishing of a film 
formed over and between the structure can be made substantially uniform. 

25 According to an embodiment of the present invention, dummy features are placed 

in large gaps between active features, and dummy features are sized so that they create a 
dummy feature to open area density which is similar to the density of adjacent active 
features. For example, if an active area has 0.25 fim lines spaced by 0.25 /im gaps for a 50% 
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density then dummy features would be fomxed in the adjacent gap with a density of about 

50%. In an embodiment of the present invention, dummy features are formed which have 

substantially the same pitch as well as the same density of the active features. In another 

embodiment of the present invention, the sizes of the active features in one area are 

5 increased or decreased to match the density of active features in an adjacent area. 

Additionally, in an embodiment of the present invention, dummy features are 

placed in scribe lines separating individual integrated circuits or die on a wafer. By placing 
dummy features in scribe lines, the polishing of the edges of the die can be made more 
uniform. In yet another embodiment of the present invention, dummy features are added 
10 to a device layer and /or active feature sizes are increased or decreased in order to generate 
a imiform featiire density in each 25 fim area of the die. 

The above described techniques can be used alone or in combination vdth one 
another to enable the uniform local and mid-range planarization of a film formed over and 
between adjacent features of a level of an integrated circuit or die. Utilizing the above 

1 5 described techniques in each feature level of an integrated circuit enables the formation of 
an integrated circuit with many layers of active features (e.g., greater than 9 layers). The 
techniques of the present invention are ideally suited for the formation of an integrated 
circuit having multiple levels of device features, such as complex logic circuits, and three- 
dimensional arrays of memory devices, such as antifuse devices as described in co-pending 

20 US Patent Application Serial No. , fUed , and entitled Three-Dimensional 

Memory Array and Method of Fabrication and assigned to the present assignee. 

Figure 1 A illustrates an overhead view of a portion 100 of a layout of a level or layer 
of an integrated circuit. Portion 100 includes a first area or region 102 including a plurality 
of active features 104 separated by gaps 106. Active features are features or structures 

25 which are used or are required for the electrical operation or testing of the integrated 
circuit. Active features include structures or features, such as but not limited to metal 
interconnects, such as copper or aluminum lines, conductive plugs or vias, gate electrodes, 
wordlines and bitlines, and semiconductor lines, such as doped silicon that can be used in 
antifuse memory devices, or other circuit elements such as resistors, capacitors, and diodes 

30 that can be used in other three dimensional circuit structures. 
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In an embodiment of the present invention, as shown in Figure IC, not only are the 
dummy features 110 added at a density substantially similar to the density of the adjacent 
active features, but they also are formed with the same shape and spacing as the adjacent 
active features. For example, if active features are a plurality of parallel lines having a 
5 width 111 of 0.25 iim and a spacing 106 0.25 fim creating a pitch 112 of 0.5 fim then the 
dummy features would be lines having a width of approximately 0.25 ^m and a spacing of 
approximately 0.25 ^m to create a pitch of 0.5 fim. Accordingly, in an embodiment of the 
present invention, not only are the dummy features 110 formed to closely resemble the 
adjacent active feature average density, but they also formed to have substantially the same 

1 0 width 111, spacing 106, and pitch 112 as the active features. In an embodiment of the 
present invention the width, spacing, and pitch of the dummy features are within 30% of 
the width, spacing, and pitch of the active features. 

In an embodiment of the present invention, not only are the dummy features 
average density size and spacing dependent upon the adjacent active features average 

1 5 density size and spacing, but the dummy feature density size and spacing are also ^ 
dependent upon the type film used to fill openings. For example, conformal films, such as 

a TEOS based SiOj films form differently over features than for example a non-conf ormal 

film such as a high density plasma (HDP) film which tends to form in gaps rather than on 
features. In an embodiment of the present invention, a HDP oxide is used because it has 

20 minimum extra thickness on the top of the lines and features. By minimizing the amount 
of film on top of the features, the amount of polishing required can be minimized. 
Additionally, the amount of HDP oxide deposited is kept at a minimum so that non- 
uniformities in the HDP oxide have the least impact on the overall planarity. 

It is to be noted, as is well known in the art, that the layout of a device layer is 

25 contained in a database which is operated upon by computer program to create a 

photolithography mask or reticle for the layer. Accordingly, the dummy features which 
are added to the active feature layout are incorporated into the active feature database of 
the layer so that a single mask can be formed which includes both active and dummy 
features for the device layer. The mask containing dummy features and active features is 

30 then used with standard photolithography techniques to pattern a photoresist layer into a 
photoresist mask having both active and dummy features. 
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In a process, such as shown in Figures 4A-4C, a dielectric film is formed over and 
between active features and is then polished back. The photoresist mask is used to 
pattern, such as by etching, a blanket deposited underlying film, such as a metal or 
polysilicon film, into the desired active 402 and dummy 404 features for the device layer as 
5 shown in Figure 4A. 

Next, a dielectric film, such as an HDP silicon dioxide film, is blanket deposited over 
and between the active and dummy features to fill the gaps between the features as shown 
in Figure 4B. Next, the dielectric film is chemically mechaiucally polished back imtil the 
top of the dielectric film 406 is substantially plai\ar or flat. In an embodiment of the present 
1 0 invention, such as when active feature 402 contain silicon lines used in an antifuse memory 
device, planarization is continued until dielectric film 406 is completely removed from the 
top of features 402 and 404 to expose the features and so the dielectric 406 is substantially 
planar with the top of the active feature 402 and dummy features 404 as shown in Figure 
4C. 

15 It is to be appreciated that the present invention is not to be limited to a process ^ 

where a dielectric film is formed between and over metal features and then planarized 
back, but can also be used in a "damascene'' process where a dielectric film is first 
patterned and then a metal or conductive film blanket is deposited over and between the 
patterned dielectric film and polished back to form active and dummy features. In a 

20 damascene process, as shown in Figures 5A-5C, the mask or reticle would be used to form 
a photoresist mask having openings defiiung active features and dummy features on a 
blarJcet deposited dielectric film 500. The dielectric layer 500 is then pattemed, by etching, 
to create a dielectric layer 500 active feature openings 502 and dummy feature openings 504 
where active features and dummy features are desired as shown in Figure 5A. 

25 Next, a metal or conductive film 506, such as copper, tungsten or aluminum, is 

blanket deposited, by for example, chemical vapor deposition, sputtering or electroplating 
into openings 502 and 504 and over pattemed dielectric layer 500 as shown in Figure 5B. 
Next, the metal film is chemically mechanically polished back to remove the metal film 
from over the pattemed dielectric film 502 and to form active features 508 and dummy 

30 features 510 which are planar with the top surface of the pattemed dielectric layer 500 as 
shown in Figure 5C. By providing dummy feature openings at the same density and 
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preferably at the same size, spacing, and density as the active feature openings, the mid- 
range uniformity of the polishing of the metal or conductive film used to form the features 
can be made very uniform. A damascene process is generally used in the fabrication of 
tungsten plugs or vias and in the fabrication copper interconnects. 
5 Thus, the present invention is equally useful for improving the mid-range and local 

uniformity for both oxide or dielectric polishing as well as metal polishing in a damascene 
case. 

In another embodiment of the present invention, the sizes of the active features are 
inaeased or decreased from an original layout in order to generate a uniform device 
1 0 density to improve the mid-range uniformity of a subsequent chemical mechanical 

planarization process. For example. Figure 2A illustrates an overhead view of a portion 200 
of an integrated circuit having different densities of active features formed in a core area 
202, a peripheral area 204, and a bus area 206. Core area 202 includes, for example, active 
features comprising a plurality of spaced-apart lines or rails 208-214 having a width of ^ 
1 5 approximately 0.25 iim separated by a 0.25 fim gap 215. In the peripheral area 204 only 
some of the lines (208, 210, 212, and 214) are formed in the second area while lines 209, 211, 
and 213 are not formed or continued into the second area or region 204. Such a layout 
aeates a "fanout'' of the lines which can be used, for example, to enable vias to make 
electrical connections to layers above and below. However, because of the "fanout" of the 
20 active features, the density (e.g., 25%) of features in the second region 204 is less than tiie 
density (50%) of active features in the first region 202. Similarly, region 206 contains a 
single wide conductor 218, such as a bus, which has a large feature density (e.g., 75%). 
Because of the different feature densities of the various regions of the original device 
layout, subsequent chemical mechanical polishing will suffer from poor global and mid- 
25 range planarity. As such, according to this embodiment of the present invention as shown 
in Figure 2B, the sizes of the active features are altered from their original layout to 
generate a new active feature layout which has a similar active feature density in each 
region 202, 204, and 206. That is, according to this embodiment of the present invention, 

the size and spacing of active features in one region or area are altered to match the 

-12- 



densityofacdvefeaturesinanadjacenueg. . ^^p,,, ,n, each in 

average densuy ^ ^ j 01 A are widerxea, uy 

' wl*in5%o.*eave«,edensi^oU*ve.a^^^ ^^^^^^^^^^ 

. !.den^.yso*ati.canl«mades«»lar«>the ^^,,aualtaesM 
the feature density s ,i«<MvbespUtintoapteaUtyo 
,04 fo,example,widecond«c«>rai8ca. P „,„^,n8canbespU.m»a 

tchareseparatedbygaps^. a 5«« density is 

10 whicharesep ,.«tedby0.25 fimgapstocreax «„itchwhichis 

p,„.aU.yof0a5^>inessepara.edV^ ^ ^^^^^^^,,,^ep..ch 

L^^-hefeatuxedensitymareas^^^^ .^^^.invennon,^ 

U»a-^^--"*^'° raeaeased).o»*eo.s-'''y-^-^; 
r^..ve.ea..esa«ai.ed(^^^,^^^,,,.,,e..*o.*eneed 

« i™,»ves«bse<^en.che,nica.mecha«c^J 

" Tdu^yea^^es. 0< :ron, — --"'''^"r 

Knisusedtooeatealayetofasenucond features) in each 25 

alierattonisuseQ density (active and/or au» ; .„,avercanbe 

.ubstantiaUythesa^eaverase-eat^^ J^^_^^^^^.,<.*^ 

= ■.,ofthelayer.In«Ws"»y''°^ ^Aacttve feature layer of the 

second density (e.g. 50 /«)^ 



„,„f represent invention, duromy features are added .0 
,,etano.Kere— 
^escribeUnesbetweenadiac^^t^e^^^^^^ ^^^^^^^ 
«.fer.Porexarnple.asshc^».^«3A.^ ^^^^^^^^ 

orthogonal scr^eUnes 304. "^^^ GeneraUy. the scribe lines are 

separatinsorsawingthewaferSOOintomdrv^d test 

.oidoHeatureshecausethesaibeUnesdonotfor^pa^-^ ^^^^^^^^ 
featuresused.on»nitorfabricationprccessesareso.neumesfonn 



lines. 

10 



..othlsen*odimentofthepresentinvention,dununyfeatures30^are 

^'~'*"^'°*^^^«304adiacen.*>eachdiemHgure3BiUustra.esa 
,ddedorloca.edin.hescr,beUnes304a^ ^^^^^^^^ 

p„r.iono,waf«3«.showinsa^rt.cna.^^^^^^^^^^ 
304havingd«rnrny.eatures3(..orrned.h«e^By 

...l.esad,cent.othedle...«»PO-. - ^ 
,S sin^»*ecentr,lpor.ionofthed.e. "'^"^ .^.^optir^with 

-----»^7::rt::— nlgeushortenough.^ 
„structures.Itist„ber.Ud^*J^^^^^^^ 

,^^Unes304Uno.op.™»«.«.th*e« ^^^^ ^^^^^^^^^ 

si^uar^-----'^"''^ 

20 .dun»«yfeatures306atanaveragedens.,y ^^^,^,p^*,y thedun«.y 

eeaturesoltheaeorintegratedcirantnearthe^^o^ ^^^^^^^^^^^ 
„arelorrnedatthesa.ne.e.spac.»d ^a^^ 

-^-^-l^-^I^ltrandinareasadiacenttobondpadsSOS. 

as HSU.''---*''°^"t!^.»avebeenaddedtothelayoutar„undthepond 

..^veteaturessm " ~J 3,„,^,„,ethes^uen.*en.ca. 
pads 308 and low density acave features 310 to p 

mechanical planarizaHo""'*'''''"""'"'- 



-14- 



Thus, several novel integrated circuit structures and their method of design have 
been set forth which provide for an improved chemical mechanical polishing process. It is 
to be appreciated that these techiuques can be used alone or in combination with one 
another to improve the chemical mechanical polishing of a film formed over and between 
5 these structures. It is to be appreciated that the present invention has been described with 
respect to specific embodiments and that the present invention is not to be limited to these 
specific embodiments. The scope of the present invention is to be determined by the 
appended claims which follow. 
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